An improved contact hybridization technique for the analysis of labelled RNA species is presented. The method combines high sensitivity of detection with the high resolution of polyacrylamide gel electrophoresis and should be especially useful for the characterization of transient RNA precursor molecules. Its application to gene mapping is illustrated.
Cloned rDNA of Xenopus laevis was a gift from Dr. P.
Boseley. Cloned histone DNA of Psammechinus miliaris (Ah22 Sam 7) (5)) was given by Miss A. Binkert.
Gel Electrophoresis
Histone mRNA was resolved on lmm thick polyacrylamide slab gels at 35°C in 0.1 E-buffer (4). RNA of Xenopus laevis was electrophoresed on 3mm thick slab gels of 1% or 2% agarose containing 5mM methylmercury-hydroxide (6) . The RNA was denatured before electrophoresis by making the sample 10-25mM in methylmercury-hydroxide labelled RNA was detected by fluorography essentially as described by Laskey S Mills (7) After standing for 20 min at room temperature the DNA solution was diluted out to two litres with 1M NaCl and lOmM Tris pH 7.8
and loaded onto Millipore filters under low suction. The filters were dried for 2 hrs at 80°C in the vacuum oven. Nitrocellulose filter strips were cut out in such a way that there was at least a 1 cm border around the RNA gel to be transferred.
Contact hybridization was performed essentially as described (3) . The following changes were adopted: The RNA in the polyacrylamide gel was partially degraded by incubation of the gel in 50mM NaOH at 20°C for 5 min. The gel was then neutralized and equilibrated during 10 min in a large volume of 4 x SSC containing 200mM Tris pH 7.8. RNA fractionated in denaturing methylmercury hydroxide agarose gels was reconstituted to its original form by incubation of the gels in 0.5M NH Acetate for 15 min, followed by washing for 10 min in distilled water.
The gel was then immersed in 50mM NaOH for 10 min and finally equilibrated in 4 x SSC and 200mM Tris pH 7.8 for 10-15 min.
No attempt has been made to optimize the incubation time since they were found to give satisfactory results. However, we consider it advisable to vary the conditions, especially if gels thicker than 3mm are to be used.
The assembly of the different parts required for contact hybridization was done at room temperature (3). As a modification to published procedure, two nylon nets were placed below the five Whatmann 3MM sheets supporting the gel to assure an even flow of buffer through the central and distal parts of the gel.
The hybridization buffer (4 x SSC; 0.1% SDS) was prewarmed to hybridization temperature. lOmM NH.Acetate was added to hybridization buffers if methylmercury hydroxide had been used in separation of the RNA molecules.
After contact hybridization the RNA remaining in the gels was detected by fluorography in order to determine the amount and resolution of the RNA remaining in the gel. The sheets of nitrocellulose were washed for 1 hr at 65°C in 2 x SSC and for 1 hr at 50 C in 0.1 x SSC. Alternatively, the hybrids were treated 'with RNase and the Millipore filters dried in the vacuum oven at 80°C. The nitrocellulose sheets were dipped for 5 seconds in 1% PPO dissolved in ether and exposed to preflashed X-ray films (7, 8) .
RESULTS AND DISCUSSION 1. Contact hybridization of labelled sea urchin histone mRNA resolved on polyacrylamide gels
The technique of contact hybridization has been used previously to detect histone messenger of Drosophila using the heterologous cloned histone DNA probe from the sea urchin (3).
One of the problems that we encountered was that only small and variable amounts of the RNA could be eluted from the gels during contact hybridization. This problem has now been solved by partially degrading the RNA with alkali in the gel prior to contact hybridization. This treatment did not measurably diminish the power of resolution of the technique.
In order to demonstrate the sensitivity of the technique, different amounts of H-uridine-labelled histone mRNA of Psammechinus miliaris were separated by electrophoresis on 6% polyacrylamide slab gels and contact-hybridized to cloned histone DNA of the same species (h22 Sam 7 (4)) bound to nitrocellulose filters (Fig.l) . Each histone mRNA band contained, at input, 100 counts (slot A) 500 counts (slot B) and 250O cpm (slots C & D). Hybridization became detectable in some slots after 12 hrs fluorography by exposure of the sheet to preflashed X-ray film and was clearly visible in all slots after 4 days (Fig.la-d) . The hybridization intensity was roughly equal to the radioactivity of the RNA bands remaining in the gel after contact hybridization.
The amounts of RNA left in the polyacrylamide gels-may be controlled by varying the conditions of partial degradation. In order to illustrate this mapping procedure we have hybridized the histone mRNAs of Psammechinus miliaris to the Hpa II digestion products of the homologous histone DNA repeat.
There are extensive restriction and sequencing data available on this clone (11, 12) so that the relationship between Hpa II restriction sites and messenger coding sequences are well understood (3). Fig.3a shows the Hpa II digest analyzed on a 1.5% agarose gel. The five labelled histone mRNAs of the sea urchin were separated on a 6% polyacrylamide gel according to the procedure of Gross et al. (4) and is shown in Fig.3b . RNA/DNA hybrids at the intersections of complementary RNA and DNA molecules are easily located and identified (Fig.3c) . As predicted from the sequencing experiment of Schaffner et al. (11, 12) seven spots of hybridization become evident.
Such mapping of coding regions by contact hybridization makes the time consuming purification of single DNA fragments and of mRNA sequences unnecessary. In addition, the method takes full advantage of.the high resolution power of electrophoresis of both RNA and DNA molecules in polyacrylamide gels.
Where one is dealing with complex digestion mixtures partial (12) . 
